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(57) ABSTRACT

The aim of the mvention 1s to improve the efficiency of an
axial-piston motor. To this end, the axial-piston motor com-
prises at least one compressor cylinder, at least one working
cylinder and at least one pressure line guiding the compressed
tuel from the compressor cylinder to the working cylinder. A
working piston comprising a working rod 1s provided in the
working cylinder, and a compressor piston comprising a com-
pressor rod 1s provided 1n the compressor cylinder. The axial-
piston motor 1s characterized in that 1t at least one of the two
rods comprises transverse stiffeners.
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AXIAL-PISTON ENGINE WITH A
COMPRESSOR STAGE, AND WITH AN
ENGINE-OIL CIRCUIT AND A
PRESSURE-OIL CIRCUIT AS WELL AS
METHOD FOR OPERATION OF SUCH AN
AXIAL-PISTON ENGINE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the National Stage of PCT/DE2010/
000877 filed on Jul. 26, 2010, which claims priority under 35
U.S.C. §119 of German Application No. 10 2009 034 736.4
filed on Jul. 24, 2009. The international application under
PCT article 21(2) was not published in English.

The 1nvention relates on the one hand to an axial-piston
engine with at least one compressor cylinder, with atleast one
working cylinder and with at least one pressure line, through
which compressed combustion agent 1s conducted from the
compressor cylinder to the working cylinder, wherein a work-
ing piston with a working connecting rod 1s provided in the
working cylinder and a compressor piston with a compressor
connecting rod 1s provided in the compressor cylinder.

On the other hand, the invention also relates to an axial-
piston engine with at least one compressor cylinder, with at
least one working cylinder and with at least one pressure line,
through which compressed combustion agent 1s conducted
from the compressor cylinder via a combustion chamber to
the working cylinder, wherein the stream of combustion agent
from the combustion chamber to the working cylinder is
controlled via at least one control piston.

Moreover, the invention relates to an axial-piston engine
with at least one compressor cylinder, with at least one work-
ing cylinder and with at least one pressure line, through which
compressed combustion agent 1s conducted from the com-
pressor cylinder to the working cylinder, wherein the stream
of combustion agent from the combustion chamber to the
working cylinder 1s controlled if necessary via at least one
control piston, which 1s driven by a control drive.

Furthermore, the invention relates to an axial-piston engine
with a compressor stage comprising at least one cylinder, with
an expander stage comprising at least one cylinder, with at
least one component subjected to compression chamber pres-
sure and with an o1l circuit for lubrication.

In addition, the invention relates to an axial-piston engine
with a compressor stage comprising at least one cylinder, with
an expander stage comprising at least one cylinder, with at
least one combustion chamber between the compressor stage
and the expander stage, and if necessary with at least one heat
exchanger, wherein the heat-absorbing part of the heat
exchanger 1s situated between the compressor stage and the
combustion chamber and the heat-emitting part of the heat
exchanger 1s situated between the expander stage and an
environment.

The invention also relates to an axial-piston engine with a
combustion agent supply system and an exhaust gas removal
system that are coupled with one another with heat transfer.

Likewise the invention relates to a method for operation of
an axial-piston engine with a compressor stage comprising at
least one cylinder, with an expander stage comprising at least
one cylinder and with at least one combustion chamber
between the compressor stage and the expander stage as well
as to a method for production of an axial-piston engine that
has a compressor stage comprising at least one cylinder and
an expander stage comprising at least one cylinder as well as
at least one combustion chamber between the compressor
stage and the expander stage.
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Axial-piston engines are sulificiently known from the state
of the art, and are characterized as energy-converting
machines, which provide mechanical rotational energy on the
output side with the aid of at least one piston, whereby the
piston executes a linear oscillatory motion whose alignment
1s aligned essentially coaxially with the axis of rotation of the
rotational energy.

In addition to axial piston engines that are operated, for
example, only with compressed air, axial-piston engines to
which a combustion agent 1s supplied are also known. This
combustion agent can be made up of a plurality of compo-
nents, for example a fuel and air, wherein the components are
ted, together or separately, to one or more combustion cham-
bers. In the present case, therefore, the term “combustion
agent” designates any material that participates in the com-
bustion, or 1s carried with components that participate in the
combustion, and that flows through the axial-piston engine.
The combustion agent then includes at least a combustible
substance or fuel, wherein the term “fuel” in the present
context therefore describes any material that reacts exother-
mally by way of a chemical reaction or other reaction, in
particular by way of a redox reaction. In addition, the com-
bustion agent can also have components such as air, for
example, which provide materials for the reaction of the fuel.
Likewise the combustion agent can contain further compo-
nents, such as chemical additives or catalytically acting sub-
stances.

In particular, axial-piston engines can also be operated
under the principle of internal continuous combustion (icc),
according to which combustion agents, 1.¢., for example fuel
and air, are fed continuously to a combustion chamber or to a
plurality of combustion chambers.

Moreover, axial-piston engines can work on the one hand
with rotating pistons, and correspondingly rotating cylinders,
which are moved successively past a combustion chamber.
On the other hand, axial-piston engines can have stationary
cylinders, wherein the working medium 1s then successively
distributed to the cylinders according to the desired loading
sequence.

For example, icc axial-piston engines having stationary
cylinders of this sort are known from EP 1 035 310 A2 and
from WO 2009/062473 A2, wherein in EP 1 035 310 A2 an
axial-piston engine 1s disclosed 1n which the supplying of
combustion agent and the removal of exhaust gas are coupled
with one another with heat exchange.

The axial-piston engines disclosed in EP 1 035310 A2 and
1in WO 2009/062473 A2 have in addition a separation between
working cylinders and the corresponding working pistons,
and compressor cylinders and the corresponding compressor
pistons, wherein the compressor cylinders are provided on the
side of the axial-piston engine facing away from the working
cylinders. In this respect, a compressor side and a working
side can be assigned to such axial-piston engines.

It 1s understood that that the terms “working cylinder,”
“working piston” and “working side” are used synonymously
with the terms “expansion cylinder,” “expansion piston’ and
“expansion side” or “expander cylinder,” “expander piston”
and “expander side,” as well as synonymously with the terms
“expansion stage” or “expander stage,” wherein an “expander
stage” or “expansion stage” designates the totality of all
“expansion cylinders” or “expander cylinders” located
therein.

The task of the present mvention 1s to 1mprove the elli-
ciency ol an axial-piston engine.

This task 1s accomplished by an axial-piston engine with at
least one compressor cylinder, with at least one working

cylinder and with at least one pressure line, through which
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compressed combustion agent 1s conducted from the com-
pressor cylinder to the working cylinder, wherein a working,
piston with a working connecting rod 1s provided in the work-
ing cylinder and a compressor piston with a compressor con-
necting rod 1s provided 1n the compressor cylinder, 1n which
at least one of the two connecting rods has transverse stiffen-

ers.

If such transverse stiffeners are provided at least on one of
the two connecting rods, the connecting rod can be formed on
the whole with substantially less mass, whereby this connect-
ing rod can be advantageously configured with lighter weight.
In this respect, less mass must be moved or accelerated for the
connecting rod equipped with such transverse stifieners,
whereby the present axial-piston engine can be operated more
cifectively. Hereby the overall efficiency of the axial-piston
engine 1s advantageously improved.

Transverse stifleners can be used, especially in lightweight
construction, 1n order to be able to make components suifi-
ciently stiff and stable despite reduction or savings of mate-
rial. The term “transverse” 1s used 1n the present case as soon
as a main extent of the stiffener has a component perpendicu-
lar to the main extent direction for example of the connecting
rod or perpendicular to the main axis—seen 1n axial direc-
tion—of the axial-piston engine.

The task of the invention 1s also accomplished 1n particular
by an axial-piston engine with at least one compressor cylin-
der, with at least one working cylinder and with at least one
pressure line, through which compressed combustion agent1s
conducted from the compressor cylinder to the working cyl-
inder, wherein a working piston with a working connecting
rod 1s provided in the working cylinder and a compressor
piston with a compressor connecting rod 1s provided in the
compressor cylinder, and the working piston has transverse
stiffeners.

The working piston can also be made with substantially
more lightweight structure by the provision of suitable trans-
verse stiffeners, so that less mass on the axial-piston engine
must be moved with the working piston itself, whereby the
eificiency of the axial-piston engine can be further improved.

In this connection, the task of the invention 1s also accom-
plished by an axial-piston engine of the class 1n question in
which, cumulatively or alternatively, the compressor piston
has transverse stiffeners. The axial-piston engine also has to
perform less internal work when the compressor piston can be
provided with a smaller mass by virtue of transverse stifien-
ers.

In order to accomplish the task of the invention, an axial-
piston engine with at least one compressor cylinder, with at
least one working cylinder and with at least one pressure line,
through which compressed combustion agent 1s conducted
from the compressor cylinder to the working cylinder 1s fur-
ther proposed, wherein a working piston with a working,
connecting rod 1s provided i1n the working cylinder and a
compressor piston with a compressor connecting rod 1s pro-
vided 1n the compressor cylinder, and the axial-piston engine
1s characterized specifically in that at least one of the two
connecting rods 1s of aluminum.

By virtue of the use of aluminum or of an alloy thereof, 1t
1s possible to reduce the mass of moving components advan-
tageously, whereby the axial-piston engine can additionally
work more effectively. In this respect, an increase of the
eificiency of the axial-piston engine 1s also achieved. It 1s
understood that any other lightweight material can also be
advantageously used instead of aluminum, as long as 1t with-
stands the operating temperatures or other boundary condi-
tions. If necessary, suitable measures such as for example
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4

thermal insulation systems at suitable places can also be
employed, in order to permit the use of lightweight materials.

It 1s understood that further, especially moving compo-
nents of the axial-piston engine can also be made of a light-
weight matenal, provided then they still always have sudifi-
cient strength and/or stiffness.

In this respect, the pistons of the axial-piston engine can
also be formed by means of aluminum or an alloy thereof,
except for their hot regions that can come directly into contact
with hot media. The term “hot region™ 1n the present connec-
tion describes 1n particular regions of a piston, facing com-
bustion agents, that could be subjected to critical thermal
stress.

In view of this, the task of the present invention 1s also
accomplished by an axial-piston engine with at least one
compressor cylinder, with at least one working cylinder and
with at least one pressure line, through which compressed
combustion agent 1s conducted from the compressor cylinder
to the working cylinder, wheremn a working piston with a
working connecting rod 1s provided 1n the working cylinder
and a compressor piston with a compressor connecting rod 1s
provided 1n the compressor cylinder and wherein the axial-
piston engine 1s characterized by a working piston of alumi-
num, which has burning protection, preferably of iron, on the
working cylinder side.

Hereby a very lightweight construction of the working
piston—except for 1ts hot region—can be guaranteed,
whereby the efficiency of the axial-piston engine can be fur-
ther improved.

If necessary, this burning protection can also be realized
with other materials, for example with a ceramic coating.
Working pistons of a ceramic material would also be conceiv-
able 1n this case.

Independently of the other features of the invention, the
task of the present mvention 1s also accomplished by an
axial-piston engine of the class in question, which 1s charac-
terized by a compressor piston of aluminum, since hereby the
lightweight construction of the axial-piston engine described
above can be advantageously further improved accordingly.

If necessary, burning protection must also be provided on
the compressor cylinder side of the compressor cylinder, 1
work with hot combustion agents 1s already being performed
on the compressor cylinder. Here also the burning protection
can consist of a more heat-resistant material. For example, the
burning protection 1s made from 1ron or from a ceramic,
wherein compressor pistons of a ceramic material could cer-
tainly also find use 1n the present case.

Thus, with regard to the working pistons and compressor
pistons described and used here, the piston bottom can advan-
tageously consist of iron or steel and the piston stem advan-
tageously of aluminum or of an alloy thereof.

Such pistons of reduced weight or optimized weight are not
known from the relevant state of the art mentioned at the
beginning, so that the present advantageous further develop-
ment cannot be obviously inferred from this relevant state of
the art, even though 1t was the task of the inventions of the
state of the art mentioned at the beginning to improve axial-
piston engines further as regards their etficiency.

An alternative accomplishment of the task of the present
ivention proposes an axial-piston engine with at least one
compressor cylinder, with at least one working cylinder and
with at least one pressure line, through which compressed
combustion agent 1s conducted from the compressor cylinder
via a combustion chamber to the working cylinder, wherein a
working piston with a working connecting rod 1s provided in
the working cylinder and a compressor piston with a com-
pressor connecting rod 1s provided 1n the compressor cylinder
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and wherein both the working connecting rod and the com-
pressor connecting rod and also the working and compressor
pistons are made of steel.

If both pistons are made of steel, on the one hand the
pistons are particularly temperature-resistant, and on the
other hand it 1s not necessary to allow for different material
properties 1n a single component. In addition, the one-piece
construction of the pistons 1s more cost-effective, wherein the
mass of the pistons can be reduced to a minimum by virtue of
the higher strength of the steel and by further constructional
measures, for example the transverse stiffeners mentioned
above. Hereby weight disadvantages compared with an alu-
minum piston can also be put 1nto perspective. In particular, it
1s also possible to configure the respective connecting rod
likewise of steel, so that the entire arrangement of working
piston and working connecting rod as well as of compressor
connecting rod and compressor piston can be formed of 1den-
tical material and 1f necessary even of one piece. The former
facilitates as the case may be connection of the respective
assemblies, since different material properties are not present
and cannot impair the connection, while the latter by 1its
nature does not even permit any connection problems at all to
OCCUL.

Since the forces acting on the compressor piston side are
usually different from those on the working piston side, espe-
cially the connecting rod of the compressor piston can be
configured with reduced weight compared with the connect-
ing rod of the working piston. In this respect, the task of the
invention 1s also accomplished by an axial-piston engine with
at least one compressor cylinder, with at least one working
cylinder and with at least one pressure line, through which
compressed combustion agent 1s conducted from the com-
pressor cylinder to the working cylinder, wherein a working,
piston with a working connecting rod 1s provided in the work-
ing cylinder and a compressor piston with a compressor con-
necting rod 1s provided in the compressor cylinder and
wherein the compressor connecting rod 1s made lighter than
the working connecting rod. In particular, the working piston
can also be made differently from the compressor piston 1n
this case. For example, the compressor piston 1s made lighter,
since 1t 1s not exposed to as large forces with regard to a
working medium of the axial-piston engine. Thus the axial-
piston engine can be adapted very precisely to its specific
loads and optimized accordingly.

Furthermore, the task of the invention 1s also accomplished
by an axial-piston engine of the class 1n question, in which an
output bearing, which transiers energy from at least one of the
connecting rods to an output shait, 1s formed with thinner
structure on the compressor connecting rod side than on the
working connecting rod side. Since the forces—usually
smaller forces—acting on the respective connecting rod on
the compressor piston side are different from those acting on
the working piston side, the connecting rod can advanta-
geously be made lighter with regard to its weight on the
compressor side. However, this may also depend 1n particular
on the material used or even be a question of the construction
or of the mass ratios. If the working connecting rod and
compressor connecting rod are formed 1n one piece, they can
be produced very cost-effectively. It 1s advantageous when
the working connecting rod and compressor connecting rod
are Tormed coaxially with one another. Hereby particularly
tavorable load conditions can be created, especially also on a
housing of the axial-piston engine.

The present task 1s also accomplished independently of the
other features of the mnvention by an axial-piston engine with
at least one compressor cylinder, with at least one working
cylinder and with at least one pressure line, through which
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compressed combustion agent 1s conducted from the com-
pressor cylinder via a combustion chamber to the working
cylinder, wherein the stream of combustion agent from the
combustion chamber to the working cylinder 1s controlled via
at least one control piston and wherein the control piston 1s
formed from iron or steel on the combustion chamber side.
Since the control piston also comes 1nto contact with very hot
working media or combustion agents of the axial-piston
engine, 1t 1s advantageous when at least these regions of the
control piston are configured to be heat-resistant. In this
respect, any other heat-resistant material, such as ceramic for
example, can likewise be employed instead of 1ron or steel.
Advantageously, the control piston 1s otherwise formed from
aluminum or an alloy thereof, so that the control piston 1s
particularly light and thereby extremely short reaction times
can be achieved.

Alternatively to this, the entire control piston can be made
of 1ron or steel, since the control pistons are usually small and
thus have little mass. This 1s a good solution 1n particular
when extremely short control times do not play a very impor-
tant role or—precisely because of the light weight of the
control pistons—can be achieved 1n any case.

In order to accomplish the task of the invention further, an
axial-piston engine with at least one compression cylinder,
with at least one working cylinder and with at least one
pressure line, through which compressed combustion agent 1s
conducted from the compressor cylinder to the working cyl-
inder, wherein the stream of combustion agent from the com-
bustion chamber to the working cylinder 1s controlled via at
least one control piston, 1s proposed alternatively or cumula-
tively, which 1s characterized 1n that at least one surface of the
control piston on the combustion chamber side 1s reflective.
By such reflectiveness 1t 1s advantageously possible to reduce
the thermal load of the respective assembly, especially by
reflection of the heat-loading radiation.

Alternatively or cumulatively to this, the task of the mnven-
tion can be accomplished accordingly by an axial-piston
engine with at least one compression cylinder, with at least
one working cylinder and with at least one pressure line,
through which compressed combustion agent 1s conducted
from the compressor cylinder to the working cylinder,
wherein the stream of combustion agent from the combustion
chamber to the working cylinder 1s controlled via at least one
control piston, which 1s characterized 1n that the combustion
chamber has a combustion chamber floor of reflective metal.

The reflectiveness of a metal surface imparts the further
advantage that the flow of heat 1n the wall developing due to
the large temperature difference between the burned combus-
tion agent and the metal surface can be reduced, at least for the
flow of heat in the wall caused by heat radiation. A large
proportion of efficiency losses 1n a combustion engine occurs
due to this cited flow of heat 1n the wall, which 1s why an
eificient possibility of increasing the thermodynamic eifi-
ciency of the axial-piston engine by the proposed accom-
plishments of the invention 1s achieved by reducing the flow
of heat 1n the wall.

It 1s understood that, on the one hand, even nonmetallic
surfaces can impart an advantage in thermodynamic eili-
ciency by retlectiveness and that, on the other hand, this
advantage 1n thermodynamic efficiency can be achieved
cumulatively or alternatively by the fact that each component
of the axial-piston engine coming into contact with combus-
tion agent 1s retlective, provided the temperature of the com-
bustion agent 1s higher than the wall temperature.

Furthermore, 1t 1s understood that any other surface coating
capable of increasing the spectral reflectivity of the compo-
nent surfaces can be used. Obviously any surface coating 1s
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turther conceivable that alternatively or cumulatively to this
decreases the heat transmission coetficient of a component
surface, 1n order to decrease the proportion of thermodynamic
losses by convection.

Furthermore, 1n order to accomplish the task of the mven-
tion, alternatively or cumulatively, an axial-piston engine
with a compressor stage comprising at least one cylinder, with
an expander stage comprising at least one cylinder, with at
least one combustion chamber between the compressor stage
and the expander stage, with at least one component subjected
to combustion chamber pressure and with an o1l circuit for
lubrication 1s proposed, wherein the o1l circuit has an engine-
o1l circuit and a pressure-o1l circuit with a pressure level
different from the engine-oil circuit. Hereby the advantage 1s
implemented that, 1n a respective oil circuit with a different
pressure level, the o1l pump of that circuit, for example a
pressure-o1l pump of the pressure-o1l circuit, has to apply
only the backpressure needed for delivery of the o1l, and the
higher pressure that may be necessary 1n this circuit for other
reasons for achievement of a pressure exceeding that for
conveying the o1l does not have to be applied by the pressure-
o1l pump. By the fact that the pressure-oil circuit can have
components that work against a combustion chamber pres-
sure present in the combustion chamber, 1t 1s correspondingly
advantageous when the pressure level of the pressure-oil cir-
cuit corresponds to the combustion chamber pressure.

Alternatively or cumulatively to this, it can also be of
advantage that the pressure level of the pressure-oil circuit
corresponds to a compressor pressure. By a pressure level of
the pressure-oil circuit corresponding to the combustion
chamber pressure or to the compressor pressure, a gas force
acting on a component subjected to combustion chamber
pressure, for example on a control piston, can be largely
compensated pneumatically. The task of further improving an
axial-piston engine with respect to its eificiency 1s accom-
plished to the extent that a piston work acting on the control
piston 1s minimized and thus the work or power output at the
axial-piston engine 1s maximized for equal consumption of
combustible substance.

In this connection, 1t must be pointed out that the phrase
“the pressure level corresponds to a pressure” also tolerantly
permits a pressure difference up to 40% between the pressure
level and the pressure, whether 1t be the compressor pressure
or the combustion chamber pressure. Preferably, however, a
pressure difference of at most 7 bar 1s to be encompassed by
the phrase “the pressure level corresponds to a pressure”.
Such pressure differences can still be absorbed without too
great elficiency losses of seals, which also withstand higher
temperatures.

In order not to impede this efficiency-improving advantage
for variable power output of the axial-piston engine, it 1s
turther proposed that the pressure-oil circuit have a pressure
level higher than 20 bar at a full load of the axial-piston
engine. Cumulatively or alternatively, 1t 1s proposed that the
pressure-oi1l circuit have a pressure level between S bar and 20
bar during a partial load of the axial-piston engine. This
ensures a balanced pressure ratio for a large part of all oper-
ating situations, by which the efficiency 1s optimized. Alter-
natively or cumulatively to this, 1t 1s further proposed that the
pressure-oil circuit have a pressure level below 5 bar during
1dling of the axial-piston engine and/or during standstill of the
axial-piston engine. Particularly in these operating states, this
permits a small load of the corresponding seals, so that even
any leakage streams in particular, which could be active over
a longer time period, have no substantial disturbing influ-
ences. In a load-dependent and unstationary operation of the
axial-piston engine, 1t 1s possible by this measure to 1imple-
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ment 1n particular the advantage that a compensation of the
combustion chamber pressure at a component subjected to
combustion chamber pressure always corresponds to the
combustion chamber pressure or to the load point of the
axial-piston engine. An efficiency optimized under various
operating conditions 1s hereby assured by the fact that the gas
force needed for the compensation of the combustion cham-
ber pressure 1s made available as needed at the components
subjected to combustion chamber pressure. A gas force that
always turns out to be higher leads to overcompensation of the
combustion chamber pressure, whereby a compressor power
that 1s not favorable to efficiency would be called upon 1n turn
for generation of the compensating pressure at the compres-
SOr stage.

In this case “1dling” means the operating state 1n which the
indicated power of the axial-piston engine corresponds 1n
essence to the friction loss of the axial-piston engine, 1.€., the
clfective power 1s zero.

The task of the invention, to improve an axial-piston engine
with respect to 1ts efficiency by separation of the o1l circuit
into an engine-oil circuit and a pressure-o1l circuit, 1s supple-
mentally accomplished 1n particular 1 that the engine-oil
circuit has an engine-o1l sump and an engine-oil pump and the
pressure-oil circuit has a pressure-o1l sump and a pressure-oil
pump. This has the efficiency-increasing advantage that the
engine-o1l pump and the pressure-oil pump can make an
independent o1l volume tlow available for the engine-oil cir-
cuit and the pressure-oil circuit, and thus the power demand of
the engine-o1l pump and of the pressure-oil pump corre-
sponds to the requirements of the engine-o1l circuit and of the
pressure-oil circuit.

In order to assure the wetting of the components subjected
to combustion chamber pressure, such as the control piston,
for example, and other components 1n 1nteraction with the
control piston, 1t 1s further proposed that the pressure-oil
sump have means for recording an o1l level. Advantageously
these means for recording an o1l level are characterized 1n that
the o1l level of the pressure-oil sump determined by the means
for recording an o1l level 1s a minimum and/or a maximum o1l
level. This advantage contributes to the fact that not only 1s
deficient lubrication prevented operationally reliably but also
that overfilling of the pressure-oil circuit and accompanying
elfects such as o1l foaming, o1l ejection or an otherwise undes-
ired o1l escape from the pressure-oil circuit 1s prevented.

Furthermore 1t 1s proposed that at least one control cham-
ber be a component of the pressure-oil circuit. The advantage
of this arrangement 1s dertved from the fact that the control
chamber, which 1s formed on the side of the control piston
facing away from the combustion chamber, can compensate
for the combustion chamber pressure acting on the control
piston, because of the pressure level of the pressure-oil circuit
corresponding to the combustion chamber pressure level.

By “control chamber” in this case a corresponding cavity 1s
described, which 1s situated on a side of the control piston or
ol the control pistons facing away from the combustion cham-
ber. The side facing away from the combustion chamber 1s
defined 1n addition to this by the direction of movement of the
control piston. Thus the side facing away from the combus-
tion chamber corresponds to the side of the control piston on
which an applied gas pressure, 1n 1ts resultant, opposes the
combustion chamber pressure acting on the control piston.
Further assembles that interact with the control piston or
control pistons, such as, for example, cam plates with con-
trolling effect or bearing arrangements, can also be provided
in the control chamber. In this respect, the pressure-oil circuit
of the oil-circuit may also contain parts of the control piston
or control pistons, wherein the o1l circulating for lubrication
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ol the control piston can flow 1nto this control chamber after
wetting of the friction pairs situated on the control piston and
from here can be collected 1n an o1l sump.

In order to implement the efficiency-optimizing advantage
ol the compensation of a combustion chamber pressure acting
on various components, 1t 1s further proposed that the pres-
sure-o1l circuit be connected via a charging line with at least
one cylinder of the compressor stage. The use of such a
charging line imparts the advantage that a pressure level of
magnitude similar to that in the combustion chamber can
always be provided 1n the pressure-oil circuit operationally
sately and simply according to the demand. Expediently and
advantageously, a pressure buildup controlled or regulated
via this charging line 1n dependence of the operating paint 1s
made available.

In order to do justice to the requirements of varying load
points of the axial-piston engine, 1t 1s proposed that a charging,
valve be situated between at least one cylinder of the com-
pressor stage and the pressure-oil circuit, 1n order to make
available a pressure buildup controlled or regulated in depen-
dence on the operating point. This charging valve can be
provided 1n particular in the charging line already described
above.

The charging valve preferably does justice to the regula-
tion-related complexity by the fact that the charging valve 1s
designed to be switchable, especially by the fact that the
charging valve 1s designed to be switchable via the compres-
sor pressure. To this end the charging valve can be operatively
connected with the compressor stage and can have a control
device with means for switching.

In one suitable embodiment, the charging valve can be, for
example, an electrically or electronically actuated or else
even a pneumatically actuated valve. Thus the charging valve
can be actuated indirectly by a control instrument or else even
directly by the compressor pressure present at the valve. It the
compressor pressure exceeds a specified value, the charging
valve opens and the compressor stage 1s connected with the
pressure-oil circuit, whereby charging of the pressure-oil cir-
cuit with compressed air or another medium present in the
compressor stage takes place.

Corresponding to the load points present during operation
of the axial-piston engine, the charging valve i1s advanta-
geously characterized 1n that the charging valve switches at a
charging pressure of 5 bar, preferably at 10 bar, most prefer-
ably at 30 bar. This has the advantage that a pressure that 1s
necessary for compensation of a combustion chamber pres-
sure acting on a component or that very largely corresponds to
this can be made available in the pressure-oil circuit. Further-
more, escape ol pressure from the pressure-oil circuit 1s elfec-
tively prevented by the charging valve described above, pro-
vided the compressor pressure drops below a pressure level
that 1s present in the pressure-oil circuit. Advantageously a
charging valve can be designed as a pneumatic, pressure-
controlled multi-way valve, so that active control of the
charging valve 1s possible.

Furthermore, 1t 1s also concervable that the charging valve
1s a check valve, especially a pressure-controlled check valve.
This permits switching of the charging valve that 1s structur-
ally particularly simple, without necessitating further mea-
SUres.

The use of a pressure supplied by a compressor stage of the
axial-piston engine, wherein air supplied for application of
this pressure or a supplied combustion agent usually has a
temperature level higher than the environmental conditions
during compression from environmental conditions, can have
the consequence that a pressure drop after a throttling point,
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such as a valve represents, or cooling at a wall of the charging,
line, can have the consequence of condensation of a fluid.

As a further configuration of the pressure-oil circuit, 1t 1s
therefore proposed that an o1l trap be situated between the
charging valve and the pressure-oil circuit. Since o1l collected
in this o1l trap 1s already at a high pressure level, it 1s further
proposed that a drain of the o1l trap be connected with the
pressure-o1l sump. Furthermore, it 1s proposed that a water
trap be situated between the charging valve and the pressure-
o1l circuit. Hereby 1t may be possible to collect water vapor
present 1n the compressed air already and effectively before
introduction of this compressed air, so that condensation of
the water vapor in the pressure-oil circuit 1s prevented and
consequently the useful life of the axial-piston engine 1s not
limited by occurring corrosion. For the case of return flow
from the pressure-oil line to the compressor stage, a loss ot o1l
from the pressure-oil circuit can also be effectively prevented
if, as proposed, an o1l trap 1s used and a drain of the o1l trap
feeds the collected o1l to the pressure-oil circuit again. By
means of the o1l trap, 1t 1s also possible in particular to prevent
damage to the axial-piston engine, as could be caused 1n the
compressor stage by self-ignition of oil-containing atr.

Use, favoring efficiency, of a pressure level 1n the pressure-
o1l circuit that 1s higher than 1n the engine-o1l circuit may lead
to a greater o1l leakage from the pressure-oil circuit into the
engine-o1l circuit because of the existing pressure gradient. In
order to maintain the efficiency-increasing advantage of a
pressure-o1l circuit continuously during the entire operation
of the axial-piston engine, 1t 1s therefore expedient that an
equalizing valve be disposed between the pressure-o1l sump
and the pressure-o1l pump as well as between the engine-oil
sump or the engine-o1l pump and the pressure-o1l pump. This
has the advantage that a drop below a minimum necessary oil
level 1n the pressure-o1l sump can be prevented by the fact that
the pressure-oil pump draws o1l from the engine-oil sump
until the o1l level of the pressure-o1l sump reaches a maxi-
mum. This efficiency-preserving configuration of the o1l cir-
cuit 1s further implemented by the fact that the equalizing
valve 1s operatively connected to the means for recording an
o1l level.

Furthermore, 1t 1s proposed that the equalizing valve be
operatively connected with a control device. Such a control
device can be, for example, a control mnstrument of the axial-
piston engine, 1n which performance characteristics or algo-
rithms are resident, according to which connection of the
pressure-o1l circuit with the engine-o1l circuit i1s also to be
established in order to achieve equalization of the o1l level 1n
the pressure-oil circuit. Consequently the equalizing valve
can be connected directly with the means for recording an o1l
level or else indirectly via a control device with the means for
recording an o1l level.

It 1s also conceivable that the control device activates the
equalizing valve not only via the o1l level 1n the pressure-oil
circuit but also via the temperature or another characterizing
variable, such as, for example, an emergency running signal
or a maintenance signal, in order, for example, to achieve
exchange of the o1l present in the pressure-o1l circuit.

The use of a higher pressure level 1n the pressure-oil circuit
than 1n the engine-o1l circuit 1s energetically particularly
advantageous when the equalizing valve, preferably 1n a first
operating state, connects the pressure-o1l sump with the pres-
sure-o1l pump and, 1n a second operating state, connects the
engine-o1l sump or the engine-o1l pump with the pressure-oil
pump. This has the advantage of assuring the efficiency by use
of the pressure-o1l circuit to the effect that the engine-oil
circuit and the pressure-oi1l circuit are connected only at small
pressure differences between these two partial circuits, so that
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the power consumption of the pressure-oil pump does not
lead to efficiency losses due to overcoming a large pressure
difference.

For an efficiency-maintaining configuration of the equal-
1zing valve, 1t 1s proposed cumulatively to this that the first
operating state correspond to the partial load and/or to the tull
load of the axial-piston engine and the second operating state
correspond to the 1dling and/or standstill state of the axial-
piston engine. This configuration of the equalizing valve
ensures that the equalizing valve 1s switched only at small
pressure differences between the engine-o1l circuit and the
pressure-o1l circuit, in order to prevent, effectively, return
flow of the o1l from the pressure-oil circuit into the engine-oil
circuit because of a negative pressure gradient. Emptying of
the pressure-oil circuit could impair the efficiency of the
axial-piston engine significantly, possibly due to deficient
lubrication.

Alternatively or cumulatively, 1t 1s therefore further pro-
posed that a return-flow valve designed as a check valve be
situated between the engine-o1l sump and the equalizing
valve or between the engine-o1l pump and the equalizing
valve. By means of this return-flow valve, inadvertent emp-
tying of the pressure-o1l circuit can be further prevented
advantageously during a malfunction of the equalizing valve.

In particular, it 1s accordingly proposed that the return-flow
valve have a flow direction from the engine-oil circuit to the
pressure-oi1l circuit.

The safeguarding function of the check valve 1s advanta-
geously implemented in this arrangement by the fact that
hereby further filling of the pressure-o1l circuit at a positive
pressure gradient 1s possible, whereas emptying at a negative
pressure gradient 1s suppressed.

For the implementation of an efficiency-improved axial-
piston engine, a method for operation of an axial-piston
engine with a compressor stage comprising at least one cyl-
inder, with an expander stage comprising at least one cylinder
and with at least one combustion chamber between the com-
pressor stage and the expander stage, wherein a stream of
combustion agent, under combustion chamber pressure, from
the combustion chamber to the cylinder of the expander stage
1s controlled via at least one control piston and the axial-
piston engine has at least one o1l circuit for lubrication, 1s
additionally proposed accordingly, which 1s characterized 1n
that the o1l circuit 1s split into an engine-o1l circuit and into a
pressure-o1l circuit and components of the axial-piston
engine subjected to combustion chamber pressure are lubri-
cated by the pressure-oil circuit.

In addition to thas, 1t 1s proposed that the combustion cham-
ber pressure acting on the control piston be compensated by a
pressure level present 1in a control chamber and corresponding,
to the combustion chamber pressure.

This proposed method for an axial-piston engine again
contributes to an efficiency improvement of the axial-piston
engine, 1n that, on the one hand, the two partial circuits of the
o1l circuit, considered independently, each work at a mini-
mum necessary pressure level and thus the power consump-
tion of the o1l pumps present in these partial circuits 1s adapted
to the demand, minimum and therefore optimized with
respect to efficiency. On the other hand, by the compensation
of a combustion chamber pressure on the components sub-
jected to combustion chamber pressure, especially on the
control piston subjected to combustion chamber pressure,
piston work on the control piston, not conducive to the effi-
ciency of the work cycle, 1s prevented or minimized, so that
the thermodynamic efliciency of the axial-piston engine 1s
maximized.
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Advantageously, the pressure level in the control chamber
corresponding to the combustion chamber pressure can be
supplied by the compressor stage. This imparts the advantage
that an additional aggregate or an additional assembly 1s not
necessary for generation of a corresponding pressure level,
and furthermore this has the advantage that the pressure or the
pressure level supplied by the compressor stage also lies on an
order ol magnitude that corresponds to the combustion cham-
ber pressure to be compensated.

Preferably, 1n the case of a drop below a minimum o1l level
in a pressure-oil sump, the pressure-oil circuit is filled with o1l
from the engine-o1l circuit. This has the advantage that o1l for
lubrication of the components subjected to combustion cham-
ber pressure 1s always adequately available, by the fact that o1l
emerging from the pressure-o1l circuit due to the elevated
pressure 1s replaced by o1l from the engine-o1l circuit. To this
end the pressure-oil circuit can be connected with the engine-
o1l circuit, especially during 1dling and/or during standstill of
the axial-piston engine, since then the pressure differences
are relatively small. A large pressure difference to be over-
come between the pressure-oi1l circuit and the engine-o1l cir-
cuit can be advantageously circumvented by this proposed
method, 1n that the removal of o1l from the engine-oil circuit
takes place in particular when the pressure difference
between the engine-o1l circuit and the pressure-oi1l circuit 1s
minimum, so that the power consumption of the two pressure-
o1l pumps caused by this pressure difference 1s minimum and
consequently the overall efficiency of the axial-piston engine
1s maximized.

Alternatively or supplementally to the last-mentioned
method, the pressure-oil circuit can be connected with the
engine-o1l circuit at a pressure difference smaller than 5 bar
between the pressure-o1l circuit and the engine-oil circuit.
This procedure offers the advantage that the pressure-oil cir-
cuit can be filled with o1l from the engine-o1l circuit when a
pressure difference between the engine-o1l circuit and the
pressure-oil circuit has assumed a value, independently of the
speed of revolution of the axial-piston engine, at which over-
coming of the pressure difference necessary for filling the
pressure-o1l circuit requires a minimum power consumption
ol the o1l pump used for this. Thus the pressure-oil circuit can
be filled operationally reliably with favorable efficiencies
even during operation of the axial-piston engine.

The task of the present invention 1s accomplished, cumu-
latively or alternatively to the other features of the present
invention, by an axial-piston engine with a combustion agent
supply system and an exhaust gas removal system that are
coupled with one another with heat transfer, which axial-
piston engine 1s characterized by at least one heat exchanger
insulation system. In this way 1t 1s possible to ensure that as
much thermal energy as possible remains 1n the axial-piston
engine and 1s transferred back to the combustion agent by way
of the heat exchangers. In this connection, 1t 1s understood
that the heat exchanger insulation does not necessarily have to
completely surround the heat exchangers, since some waste
heat can possibly also be used advantageously at a different
location 1n the axial-piston engine. However, the heat
exchanger msulation should be provided 1n particular toward
the outside.

Preferably, the heat exchanger insulation 1s designed such
that 1t allows a maximum temperature gradient of 400° C.,
especially of at least 380° C., between the heat exchanger and
the environment of the axial-piston engine. In particular, as
the transier of heat progresses, 1.e., toward the compressor
side, the temperature gradient can then quickly become sig-
nificantly smaller. Cumulatively or alternatively to this, the
heat exchanger insulation can preferably be designed so that
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the exterior temperature of the axial-piston engine 1n the area
ol the heat exchanger insulation does not exceed 500° C. or
480° C. In thus way 1t 1s ensured that the quantity of energy
lost through heat radiation and heat conduction 1s reduced to
a minimum, since the losses rise disproportionately at even
higher temperatures or temperature gradients. Furthermore,
the maximum temperature or maximum temperature gradient
occurs only at a small location, since otherwise the tempera-
ture of the heat exchanger decreases more and more toward
the compressor side.

Preferably the heat exchanger msulation includes at least
one component made of a material that differs from the heat
exchanger. This material can then be designed optimally for
its task as insulation, and can comprise for example asbestos,
asbestos substitute, water or air, wherein the heat transfer
insulation must have a housing in the case of fluid insulation
materials, 1n particular 1n order to minimize heat removal
through material movement, while 1n the case of solid 1nsu-
lation materials a housing can be provided for stabilization or
as protection. In particular, the housing can be formed from
the same material as the jacket material of the heat exchanger.

Independently of this, the task of the mvention is also
accomplished by an axial-piston engine that 1s characterized
by at least two heat exchangers. In this case the axial-piston
engine essentially comprises a combustion agent supply sys-
tem and an exhaust gas removal system that are coupled with
one another with heat transter. Especially i the case of a
plurality of outlet valves per working cylinder, exhaust gases
can be removed more rapidly from the respective working
cylinder when, for example, a first heat exchanger 1s con-
nected after and assigned to first outlet valves and a second
heat exchanger 1s connected after and assigned to second
outlet valves. Although two heat exchangers mitially lead to a
greater expense and more complex flow conditions, which
therefore actually reduce the efficiency, the use of two heat
exchangers makes possible significantly shorter paths to the
heat exchanger and a more favorable energy arrangement of
the latter. This surprisingly allows the efficiency of the axial-
piston engine to be increased significantly.

This 1s true 1n particular for axial-piston engines with sta-
tionary cylinders 1n which the pistons work in each instance,
in contrast to axial-piston engines 1n which the cylinders and
therefore also the pistons likewise rotate around the axis of
rotation, since the latter arrangement needs only one exhaust
gas line, alongside which the cylinders are guided.

Preferably, the heat exchangers are positioned essentially
axially, wherein the term “axially” in the present context
designates a direction parallel to the main axis of rotation of
the axial-piston engine, or parallel to the axis of rotation of the
rotational energy. This allows an especially compact and
therefore energy-saving design, which 1s also true 1n particu-
lar 11 only one heat exchanger, especially 1f an 1insulated heat
exchanger 1s used.

If the axial-piston engine has at least four pistons, it 1s
advantageous i1 the exhaust gases from at least two adjacent
pistons are conducted into one heat exchanger, in each
instance. In this way, the paths between piston and heat
exchanger for the exhaust gases can be minimized, so that
losses 1n the form of waste heat that cannot be recovered by
way ol the heat exchangers can be reduced to a minimum. The
latter can even be achieved if the exhaust gases from three
adjacent pistons are conducted into one common heat
exchanger, in each instance.

On the other hand, 1t 1s also conceirvable that the axial-
piston engine comprises at least two pistons, wherein the
exhaust gases from each piston are conducted into a heat
exchanger of their own. In this respect, 1t can be advanta-
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geous—depending on the concrete implementation of the
present invention—i1f a heat exchanger 1s provided for each
piston. It 1s true that this leads to an increased construction
expense; but on the other hand, the heat exchangers can each
be smaller, and therefore possibly of simpler construction,
whereby the axial-piston engine as a whole 1s built more
compactly and thus 1s subject to smaller losses. In particular
with this configuration, but also 1f a heat exchanger 1s pro-
vided for every two pistons, the respective heat exchanger
can—11 necessary—be integrated into the spandrel between
two pistons, whereby the entire axial-piston engine can be
designed correspondingly compactly.

According to another aspect of the ivention, an axial-
piston engine with a compressor stage comprising at least one
cylinder, with an expander stage comprising at least one cyl-
inder, and with at least one heat exchanger, wherein the heat-
absorbing part of the heat exchanger 1s situated between the
compressor stage and the combustion chamber and the heat-
emitting part of the heat exchanger 1s situated between the
expander stage and an environment 1s proposed, which 1s
characterized in that the heat-absorbing and/or the heat-emiut-
ting part of the heat exchanger has, downstream and/or
upstream, means for applying at least one fluid.

The application of a fluid into the stream of combustion
agent can contribute to an increase 1n the transter capacity of
the heat exchanger, for example since the specific heat capac-
ity of the stream of combustion agent can be adjusted to the
specific heat capacity of the exhaust gas stream, through the
application of a suitable fluid, or else can be increased beyond
the specific heat capacity of the exhaust gas stream. The
transier ol heat from the exhaust gas stream to the combustion
agent stream influenced thereby, for example advantageously,
contributes to the ability of a higher quantity of heat to be
coupled 1nto the combustion agent stream and thus into the
working cycle while the construction size of the heat
exchanger remains the same, whereby the thermodynamic
elficiency can be increased. Alternatively or cumulatively, a
fluid can also be applied to the exhaust gas stream. The
applied fluid 1n this case can be for example a necessary aid
for a downline exhaust gas post-treatment, which can be
mixed 1deally with the exhaust gas stream by a turbulent flow
formed 1n the heat exchanger, so that a downline exhaust gas
post-treatment system can thus be operated with maximum
eificiency.

“Downstream” designates in this case the side of the heat
exchanger from which the respective fluid emerges, or that
part of the exhaust gas line or of the pipework carrying the
combustion agent into which the tluid enters after leaving the
heat exchanger.

By analogy to this, “upstream” designates the side of the
heat exchanger imnto which the respective fluid enters, or that
part of the exhaust gas line or of the pipework carrying the
combustion agent from which the fluid enters into the heat
exchanger.

In this respect, 1t does not matter whether the application of
the fluid takes place immediately 1n the near spatial vicinity of
the heat exchanger, or whether the application of the fluid
takes place at a greater spatial distance.

Water and/or combustible substance for example can be
applied appropriately as fluid. This has the advantage that the
combustion agent stream has on the one hand the previously
described advantages of an increased specific heat capacity
through the application of water and/or combustible sub-
stance, and on the other hand that the mixture can be prepared
already 1n the heat exchanger or ahead of the combustion
chamber and the combustion can take place 1n the combustion
chamber with a combustion air ratio of the greatest possible
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local homogeneity. This also has 1n particular the advantage
that the combustion behavior 1s marked only very slightly or
not at all with efliciency-degrading, incomplete combustion.

For another configuration of an axial-piston engine, it 1s
proposed that a water trap be situated 1n the heat-emitting part
of the heat exchanger or downstream from the heat-emitting
part of the heat exchanger. Because of the reduced tempera-
ture existing at the heat exchanger, vaporous water could
condense out and damage the subsequent exhaust gas line by
corrosion. Damage to the exhaust gas line can be reduced
advantageously through this measure.

In addition, a method for operation of an axial-piston
engine with a compressor stage comprising at least one cyl-
inder, with an expander stage comprising at least one cylin-
der, with at least one combustion chamber between the com-
pressor stage and the expander stage and with at least one heat
exchanger, wherein the heat-absorbing part of the heat
exchanger 1s situated between the compressor stage and the
combustion chamber and the heat-emitting part of the heat
exchanger 1s situated between the expander stage and an
environment, 1s proposed, in which at least one fluid 1s
applied to the combustion agent stream flowing through the
heat exchanger and/or to the exhaust gas stream flowing
through the heat exchanger. It 1s hereby possible—as already
shown above—to improve the etficiency-enhancing transfer
ol heat from an exhaust gas stream being conducted into an
environment 1nto a combustion agent stream, by 1ncreasing
the specific heat capacity of the combustion agent stream
through the application of a fluid, and thus also increasing the
flow of heat to the combustion agent stream. The regenerative
coupling of an energy stream into the working cycle of the
axial-piston engine 1n this case can 1n turn bring about an
increase in efficiency, i particular an increase in the thermo-
dynamic etficiency, when the process 1s carried out appropri-
ately.

Advantageously, the axial-piston engine 1s operated 1in
such a way that water and/or combustible substance are
applied. The result of this procedure 1s that the efficiency 1n
turn, 1n particular the efficiency of the combustion process,
can be increased through 1deal mixing 1n the heat exchanger
and ahead of the combustion chamber.

Combustible substance can likewise be applied to the
exhaust gas flow, if this 1s expedient for example for an
exhaust gas aftertreatment, so that the exhaust gas tempera-
ture can be further increased in the heat exchanger or after the
heat exchanger. If necessary, postcombustion, which after-
treats the exhaust gas in an advantageous manner and mini-
mizes pollutants, can also be carried out 1n this way. Heat
released 1n the heat-emitting part of the heat exchanger could
thus also be used 1ndirectly for further warming of the com-
bustion agent stream, so that the efficiency of the axial-piston
engine 1s hardly influenced negatively thereby.

In order to further implement this advantage, a method for
operation of an axial-piston engine 1s further proposed which
1s characterized 1n that the fluid 1s applied downstream and/or
upstream from the heat exchanger.

Cumulatively or alternatively to this, separated water can
be applied back into the combustion agent stream and/or the
exhaust gas stream. In the most favorable case, a closed water
circuit 1s thereby realized, to which no additional water needs
to be supplied from outside. Thus an additional advantage
arises from the fact that a vehicle equipped with an axial-
piston engine of this construction does not have to be refilled
with water, in particular not with distilled water.

Advantageously, the application of water and/or combus-
tible substance 1s stopped at a defined point 1n time before the
axial-piston engine comes to a stop, and the axial-piston
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engine 1s operated until 1t comes to a stop without application
of water and/or fuel. The water, possibly harmiul for an
exhaust gas line, which can be deposited in the exhaust gas
line, 1 particular when the latter cools, can be avoided by this
method. Advantageously, any water 1s also removed from the
axial-piston engine itself before the axial-piston engine
comes to a stop, so that damage to components of the axial-
piston engine by water or water vapor, especially during the
stoppage, 1s not promoted.

Furthermore, the task of the invention 1s accomplished by
an axial-piston engine with at least one compressor cylinder,
with at least one working cylinder and with at least one
pressure line through which compressed combustion agent 1s
conducted from the compressor cylinder via a combustion
chamber to the working cylinder, wherein the stream of com-
bustion agent from the combustion chamber to the working
cylinder 1s controlled via at least one control piston, which 1s
driven by a control drive, and wherein the axial-piston engine
1s characterized in that the control piston, in addition to the
force applied by the control drive, 1s subjected on its side
facing away from the combustion chamber to a compensating
force directed counter to the combustion chamber pressure.

Advantageously, by means of such an additional compres-
s1on force, sealing relative to the control piston can be sub-
stantially improved in the combustion chamber, wherein
merely pure simple o1l scraping ideally suilices for sealing, so
that sealing in this respect as known from International Patent
Application WO 2009/062473 A2 1s substantially simplified.
At this place 1t must be pointed out that especially the control
drive can be diversely designed, for example as a hydraulic,
clectrical, magnetic or mechanical control drive. It 1s particu-
larly advantageous when the force applied by the control
drive 1s different from the compensating force directed,
according to the mvention, counter to the combustion cham-
ber pressure.

In general the entire control drive can be built substantially
more compactly, since 1n essence 1t has to absorb only guide
forces. Necessary forces exceeding this can, according to the
invention, by applied by the compensating force, so that the
control drive 1s not loaded or 1s loaded to only a negligible
extent by forces for sealing relative to the control piston. The
control pistons are also subjected to correspondingly less load
and can be designed correspondingly lighter and simpler.
Since only a single o1l scraper 1s needed, the load on the
control drive 1s also decreased hereby.

It 1s understood that such a compensating force can be
applied 1n various ways by construction. To this end a pre-
terred alternative embodiment provides that the compensat-
ing force 1s applied mechanically, for example via springs,
since a mechanical arrangement can be structurally imple-
mented very simply 1n the axial-piston engine.

Alternatively to this, it 1s advantageous when the compen-
sating force 1s applied hydraulically, for example via o1l pres-
sure. Such an o1l pressure can be supplied, for example, via an
o1l pump, especially also via a separate o1l pump. Certainly
the necessary o1l pressure can be chosen in such a way that an
o1l pressure normally present 1n the axial-piston engine sui-
fices for generation of the compensating force and can be used
for this. Advantageous, however, 1s a separate o1l pump and a
separate o1l circuit, which works starting from another pres-
sure 1n the axial-piston engine, especially against the com-
pressor pressure, for example, so that this o1l pump has to
supply only low power. This accomplishment can be
employed supplementally 1f necessary to the o1l circuit oper-
ated at increased pressure described above.

With regard to a further alternative embodiment, 1t 1s pro-
vided that the compensating force 1s applied pneumatically,
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especially via the compressor pressure. This pneumatic vari-
ant has 1n particular the advantage that the pressure for gen-
erating the compensating force 1s present in any case in the
axial-piston engine and in addition corresponds advanta-
geously to approximately the combustion chamber pressure,
since the actual work for generation of the pressure 1s already
performed 1n the working piston. In this respect, only slight
sealing, which needs only a small pressure difference for
sealing, need be provided. Supplementary to this, an o1l pump
can produce a corresponding oil film, wherein this then
advantageously guides the o1l in a separate circuit, wherewith
this o1l pump 1s exposed to only a particularly low backpres-
sure, as was already explained above. In this respect, the o1l
pump then does not have to apply pump work against the
COMPressor pressure.

Advantageously, as already explained above, the pneu-
matically generated compensating force can be generated by
means of a provided combustion agent pressure of ca. 30 bar.
Hereby especially the control chamber can be advanta-
geously sealed so that—as already indicated above—only o1l
scraping 1s necessary for sealing.

In this respect, a further accomplishment of the present task
provides an axial-piston engine with at least one compressor
cylinder, with at least one working cylinder and with at least
one pressure line, through which compressed combustion
agent 1s conducted from the compressor cylinder to the work-
ing cylinder, wherein the stream of combustion agent from
the combustion chamber to the working cylinder 1s controlled
via at least one control piston, which 1s driven by a control
drive, and wherein the axial-piston engine 1s characterized 1n
that the control piston 1s disposed 1n a pressure space, for
example the control chamber already explained in detail
above.

On the basis of the fact that the control piston 1s inherently
situated 1n a pressure space or in the control chamber, advan-
tageously no complex sealing 1s necessary, so that work can
be done with little losses from the axial-piston engine,
whereby the efficiency of the axial-piston engine 1n turn can
be improved. From the state of the art, it has previously been
known only that the combustion chamber side but not the
control piston 1s provided 1n a pressure space.

In this connection, the term “pressure space” denotes any
enclosed space of the axial-piston engine that has a distinct
overpressure relative to the environment, preferably at least
10 bar., which 1s true i particular under certain circums-
stances for the control chamber explained above.

Furthermore, the task of the invention 1s also accomplished
by an axial-piston engine with at least one compressor cylin-
der, with at least one working cylinder and with at least one
pressure line, through which compressed combustion agent 1s
conducted from the compressor cylinder to the working cyl-
inder, wherein the stream of combustion agent from the com-
bustion chamber to the working cylinder 1s controlled via at
least one control piston, which 1s driven by a control drive,
and wherein the axial-piston engine 1s characterized in par-
ticular 1n that the control drive comprises a control shatt,
which drives the control piston and cooperates with a shaft
seal, which 1s subjected to compressor pressure on one side.

If the shaft seal 1s subjected to compressor pressure on one
side, no fTurther sealing 1s necessary in the 1deal case, and the

axial-piston engine can advantageously be operated with a
smaller loss. The shaft seal then serves preferably as the seal
for a pressure space of the axial-piston engine, which 1n
particular can have the compressor pressure.
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With an appropriately configured shaft seal, however, 1t 1s
also possible to work with atmospheric pressure or with an
other engine pressure that 1s lower than the compressor pres-
sure.

According to a further aspect of the invention, an axial-
piston engine with a compressor stage comprising at least one
cylinder, with an expander stage comprising at least one cyl-
inder and with at least one combustion chamber between the
compressor stage and the expander stage 1s proposed, which
1s characterized in that the compressor stage has a stroke
volume different from the expander stage.

In particular, 1t 1s proposed cumulatively hereto that the
stroke volume of the compressor stage be smaller than the
stroke volume of the expander stage.

Furthermore, a method for operation of an axial-piston
engine with a compressor stage comprising at least one cyl-
inder, with an expander stage comprising at least one cylinder
and with at least one combustion chamber between the com-
pressor stage and the expander stage 1s proposed, which 1s
characterized 1n that a combustion agent or a burned combus-
tion agent present as exhaust gas 1s expanded during expan-
s10n 1n the expander stage with a greater pressure ratio than a
pressure ratio existing during compression in the compressor
stage.

The thermodynamic efficiency of the axial-piston engine
can be advantageously maximized particularly advanta-
geously by these measures 1n each instance, since, 1n contrast
to the state of the art heretofore, as in WO 2009/062473, for
example, the theoretical thermodynamic potential of a work
cycle implemented 1n an axial-piston engine can be utilized to
the maximum by the prolonged expansion permitted hereby.
In an engine drawing from the environment and exhausting
into this same environment, the thermodynamic efliciency
due to this measure reaches 1ts maximum eificiency 1n this
respect when the expansion takes place up to the pressure of
the environment.

Therefore a method for operation of an axial-piston engine
1s further proposed, by means of which the combustion agent
1s expanded 1n the expander stage approximately up to the
pressure ol an environment.

By “approximately”, an environmental pressure raised at
the maximum by the amount of the friction loss of the axial
combustion engine 1s meant. Compared with expansion up to
the amount of the friction loss, expansion up to the exact
environmental pressure does not bring about any substantial
advantage 1n efliciency at a friction loss different from O bar.
The amount of the friction loss can be interpreted as a pres-
sure that 1s constant on average acting on the piston, wherein
the piston 1s to be considered as iree of forces when the
cylinder internal pressure acting on the top side of the piston
1s equal to the environmental pressure acting on the bottom
side of the piston plus the friction loss. Therefore a more
tavorable overall efficiency of a combustion engine 1s already
achieved upon reaching a relative expansion pressure that lies
at the level of the friction loss.

Advantageously, an axial-piston engine for implementa-
tion of this advantage can be further designed in such a way
that an individual stroke volume of at least one cylinder of the
compressor stage 1s smaller than the individual stroke volume
of at least one cylinder of the expander stage. In particular, 1t
1s concervable, by means of a large individual stroke volume
of the cylinders of the expander stage, in the case that the
numbers of cylinders of the expander stage and of the com-
pressor stage are to remain identical, to favor the thermody-
namic eificiency by exerting a favorable influence on the
surface-to-volume ratio, whereby smaller losses of heat in the
wall are achieved 1n the expander stage. In this case 1t 1s
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understood that this configuration 1s advantageous for an
axial-piston engine with a compressor stage comprising at
least one cylinder, with an expander stage comprising at least
one cylinder, with at least one combustion chamber between
the compressor stage and the expander stage, even indepen-
dently of the other features of the present invention.

Alternatively or cumulatively, 1t 1s also proposed that the
number of cylinders of the compressor stage be equal to or
smaller than the number of cylinders of the expander stage.

In addition to the above advantages, the mechanical effi-
ciency ol the axial-piston engine and thus also the overall
elficiency of the axial-piston engine can be maximized by the
choice of a suitable number of cylinders, especially a
decreased number of cylinders, with identical individual
stroke volume of a cylinder of the expander and compressor
stages, 1n that at least one cylinder of the compressor stage 1s
omitted for achievement of a prolonged expansion and thus
the friction loss of the omitted cylinder likewise no longer has
to be applied. Some 1imbalances that could be caused by such
an asymmetry of the arrangement of pistons or cylinders can
be tolerated under certain circumstances or prevented by
supplementary measures.

For accomplishment of the task set 1in the introduction, an
axial-piston engine with a compressor stage comprising at
least one cylinder, with an expander stage comprising at least
one cylinder, with at least one combustion chamber between
the compressor stage and the expander stage 1s further pro-
posed, which 1s characterized 1n that at least one cylinder has
at least one gas-exchange valve of a light metal. Light metal,
especially during use of moving components, reduces the
inertia ol the components consisting of this light metal and,
because of 1ts low density, can reduce the friction loss of the
axial-piston engine to the effect that the control drive of the
gas-exchange valves 1s designed to correspond to the lower
inertial forces. The reduction of the friction loss by use of
components of light metal leads 1n turn to a smaller overall
loss of the axial-piston engine and simultaneously to an
increase of the overall efficiency.

Cumulatively hereto, 1t 1s proposed that the axial-piston
engine be characterized 1n that the light metal 1s aluminum or
an aluminum alloy, especially dural. Aluminum, especially a
hard or very hard aluminum alloy, offers special advantages
for a configuration of a gas-exchange valve, since in this case
not only the weight of a gas-exchange valve via the density of
the material but also the strength of a gas-exchange valve can
be increased or maintained at a high level. Obviously i1t 1s also
conceivable that the material titanium or magnesium or an
alloy of aluminum, titanium and/or magnesium can be used
instead of aluminum or an aluminum alloy. In particular, a
correspondingly lightweight gas-exchange valve can follow
load changes correspondingly faster than can be done,
already on the basis of the greater inertia, by a heavy gas-
exchange valve.

In particular, the gas-exchange valve can be an inlet valve.
The advantage of a lightweight gas-exchange valve and of an
associated lower mean friction pressure or a smaller friction
loss of the axial-piston engine can be implemented especially
during use of an inlet valve of a light material, since low
temperatures, at a suificient distance from the melting tem-
perature of aluminum or aluminum alloys, are present at this
place of the axial-piston engine.

According to a further aspect of the mvention, an axial-
piston engine with at least one compressor cylinder, with at
least one working cylinder and with at least one pressure line,
through which compressed combustion agent 1s conducted
from the compressor cylinder via a combustion chamber to
the working cylinder, wherein the stream of combustion agent
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from the combustion chamber to the working cylinder is
controlled via at least one control piston, which 1s driven by a
control drive, 1s proposed for accomplishment of the task
presented in the introduction, which 1s characterized 1n that
the control piston has a cavity filled with metal that 1s liquad
at operating temperature of the axial-piston engine or a cavity
filled with metal alloy that 1s liquid at operating temperature
of the axial-piston engine. The use of a metal alloy or of a
metal that 1s liquid at operating temperature can be used for
intensive cooling of the control piston, whereby the control
piston can be advantageously used with suificient useful life
and strength even at higher temperatures.

It 1s proposed cumulatively to this that the metal or the
metal alloy contain at least sodium. With 1ts very low melting
temperature and 1ts good manipulability 1n the combustion
engine, sodium has the advantage that 1t can be used 1n hot
components. It 1s understood that any metal from the alkali
group of the Periodic System can also be used, provided the
melting temperature of the metal lies below the operating
temperature ol the axial-piston engine. Furthermore, it 1s
understood that the materials mercury, gallium, indium, tin,
lead or alloys of these materials as well as other liquid metals
can also be used for this purpose.

The task explained mitially 1s also accomplished—espe-
cially in distinction relative to WO 2009/0624°73 A2—by an
axial-piston engine with a compressor stage comprising at
least one cylinder, with an expander stage comprising at least
one cylinder, with at least one combustion chamber between
the compressor stage and the expander stage, with at least one
control piston as well as a channel between the combustion
chamber and the expander stage, wherein the control piston
and the channel have a flow cross section with a main flow
direction released by movement of the control piston and the
control piston has a guide face parallel to the main flow
direction and/or an impact face perpendicular to the main
flow direction, and wherein the control piston as well as the
channel has a flow cross section released by movement of the
control piston and the movement of the control piston takes
place along a longitudinal axis of the control piston and the
control piston has a guide face and/or an 1mpact face at an
acute angle to the longitudinal axis of the control piston.

Usually a charge exchange between two components of a
combustion engine encumbered with volume 1s connected
through a throttling point, with flow losses. Such a throttling
point, which 1n the present situation 1s formed by the channel
and the control piston, causes a loss of efficiency due to these
flow losses. The fluidically favorable configuration of this
channel and/or of the control piston therefore brings about an
increase in efliciency.

Accordingly, a guide face of the control piston aligned
parallel to the main flow direction has the advantage of pre-
venting flow losses and maximizing the efficiency. In particu-
lar, when the flow 1s structured specifically such that 1t does
not take place perpendicular to the longitudinal axis of the
control piston, it 1s possible, by a guide face aligned at an
acute angle to the longitudinal axis of the control piston, for
the guide face to be at a favorable angle relative to a flow
streaming over this guide face. Advantageously, the elli-
ciency of the axial-piston engine 1s also increased by this
measure, 1 that the flow losses at the guide face or at the
control piston are mimmized.

In the present case, “main tlow direction” means the flow
direction of the combustion agent through the channel, which
1s measurable and also graphically representable for laminar
and even for turbulent flow of the combustion agent. The
teature “parallel” therefore relates to this main flow direction
and 1s to be understood in the mathematically geometric
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sense, wherein a guide face of a control piston parallel to the
main flow direction absolutely does not absorb any momen-
tum due to the tlow of the combustible material or absolutely
does not change the momentum of the flow.

Provided the control piston has reached a position 1n which
the control piston closes the released flow cross section, this
impact face formed perpendicular to the main flow direction
1s advantageously positioned with a minimum surface rela-
tive to the combustion chamber, so that combustion agent
present in this combustion chamber also brings about a mini-
mum heat flow into the control piston. Thus, by this impact
face with mimimum size relative to the main tlow direction,
the smallest possible heat losses at the wall are also achieved,
whereby the thermodynamic efficiency of the axial-piston
engine 1s maximized 1n turn.

Similarly to the guide face already described above, the
impact face can in turn be situated by means of the acute angle
and placed 1n such a way i1n the flow of combustion agent that
the impact face, provided the flow does not take place per-
pendicular to the control piston or to the longitudinal axis of
the control piston, has a mimimum surface relative to the flow.
An 1mpact face designed to be minimum 1n turn imparts the
advantage that heat losses at the wall are reduced on the one
hand and that untavorable deflections of the flow, with for-
mation of vortices, are minimized and the thermodynamic
elficiency of the axial-piston engine 1s correspondingly maxi-
mized.

The guide face and/or the impact face can be a planar face,
a spherical face, a cylindrical face or a conical face. A planar
configuration of the guide face and/or of the impact face
imparts the advantage that, on the one hand, the control piston
can be produced particularly simply and cost effectively and
that, on the other hand, a sealing face cooperating with the
guide face can also be designed with stmple construction and
a maximum sealing effect takes place at this guide face. A
spherical configuration of the guide face and/or of the impact
face further imparts the advantage that this guide face is
geometrically adapted particularly well to the channel fol-
lowing 1t, provided the channel also has a circular or else even
clliptical cross section. Thus no undesired breakaway tlows or
turbulences develop at the transition from the control piston
or from the guide face of the control piston to the channel.
Likewise, a cylindrical guide face and/or impact face can
implement the advantage that a flow with prevention of flow
breakaways or turbulences can take place at a transition
between the control piston and the channel or else even a
transition between the control piston and the combustion
chamber. Alternatively, a conical face on the guide face and/or
on the impact face can also be advantageous, provided the
channel following the control piston has a cross section that 1s
variable over, the length of the channel. Should the channel be
formed as a diffusor or as a nozzle, the flow can again take
place without breakaway or turbulences, because of a coni-
cally designed guide face on the control piston. It 1s under-
stood that every measure explained above has efficiency-
maximizing effect in 1tself, even imndependently of the other
measures.

The axial-piston engine can have a guide-face sealing face
between the combustion chamber and the expander stage,
wherein the guide-face sealing face 1s formed parallel to the
guide face and cooperates with the guide face at a top dead
point of the control piston. Since the control piston also has a
sealing eflect at its top dead point, the guide-face sealing face
1s advantageously formed such that 1t cooperates over a large
area with the guide face at the top dead point of the control
piston and thus a sealing effect takes place. The maximum
sealing effect of the guide-face sealing face 1s then obtained
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when every point of the guide-face sealing face has the same
distance to the guide face, preferably zero distance to the
guide face. A guide-face sealing face formed complementa-
r1ly to the guide face satisfies these requirements regardless of
which geometry the guide face has.

Cumulatively hereto, 1t 1s proposed that the guide-face
sealing face merge on the channel side into a surface perpen-
dicular to the longitudinal axis of the control piston. In a very
simple design, the transition of the guide-face sealing face
into a surface standing perpendicular to the longitudinal axis
ol the control piston can also consist of a sharp bend, whereby
the tlow streaming over the guide-face sealing face can break
away at this sharp bend or at this transition, so that the flow of
combustion agent can pass over with the least possible tlow
losses 1nto the channel following the control piston.

Alternatively or cumulatively to the above features, 1t 1s
proposed that the axial-piston engine have a stem-sealing face
between the combustion chamber and the expander stage,
wherein the stem-sealing face 1s formed parallel to the longi-
tudinal axis of the control piston and cooperates with a sur-
face of a stem of the control piston. Provided the control
piston reaches its top dead point, not only does the control
piston have the task of sealing relative to the combustion
chamber but sealing also takes place advantageously relative
to the expander stage, as takes place by the interaction of the
stem of the control piston and the corresponding stem-sealing,
face. Hereby losses due to leakage via the control piston are
turther reduced, whereby the overall efliciency of the axial-
piston engine can in turn be maximized.

Furthermore, 1t 1s proposed that the guide face, the impact
face, the guide-face sealing face, the stem-sealing face and/or
the surface of the stem of the control piston have a reflective
surtace. Since each of these surfaces can be 1n contact with
combustion agent, a flow of heat in the wall and therefore an
elficiency loss can also take place via each of these faces. A
reflective surface therefore prevents unnecessary losses due
to heat radiation and therefore imparts the advantage of
increasing the thermodynamic efficiency of the axial-piston
engine correspondingly.

The task mentioned at the beginning 1s also accomplished
by a method for production of a heat exchanger of an axial-
piston engine which has a compressor stage comprising at
least one cylinder, an expander stage comprising at least one
cylinder and at least one combustion chamber between the
compressor stage and the expander stage, wherein the heat-
absorbing part of the heat exchanger 1s situated between the
compressor stage and the combustion chamber and the heat-
emitting part of the heat exchanger 1s situated between the
expander stage and an environment, wherein the heat
exchanger includes at least one pipe wall dividing the heat-
emitting part from the heat-absorbing part of the heat
exchanger to separate two streams of material, and wherein
the production method i1s characterized in that the pipe 1s
situated 1n at least one matrix consisting of a material corre-
sponding to the pipe, and 1s connected by material bonding,
and/or by friction to this matrix.

The use of a heat exchanger in an axial-piston engine
described above can lead to disadvantages through the occur-
rence of especially high temperature differences between the
input and between the output of the heat exchanger on the one
hand and between the heat-absorbing and heat-emitting part
of the heat exchanger on the other hand, due to damage to the
material that limaits the service life. In order to counter thermal
stresses that result from this and losses of combustion agent or
exhaust gas that occur due to damage, with appropriate con-
figuration, according to the proposal described above, a heat
exchanger can be produced advantageously almost exclu-
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stvely of only one material at its points that are subject to a
critical stress. Even i1f the latter 1s not the case, matenal
stresses are advantageously reduced through the solution
described above.

It 1s understood that a solder or other means used for fixing
or mounting the heat exchanger can consist of a different
material, especially when regions with a high thermal stress
or with a high seal tightness requirement are not 1n question.

The use of two or more materials with the same thermal
expansion coellicients 1s also conceivable, whereby the
occurrence of thermal stresses 1n the material can be coun-
tered 1n similar manner.

To construct a material and/or {rictional connection
between the pipe and the matrix, a method for production of
a heat exchanger 1s further proposed, which 1s characterized
in that the material connection between the pipe and the
matrix 1s made by welding or soldering. The seal tightness of
a heat exchanger 1s ensured 1n a sitmple manner and especially
advantageously by amethod of this sort. In this case 1t 1s again
also possible to use a material corresponding to the pipe or to
the matrix as the welding or soldering material.

Alternatively or cumulatively to this, the frictional bond
between the pipe and the matrix can also be accomplished by
shrinking. This 1n turn has the advantage that thermal stresses
between the pipe and the matrix can be prevented, since the
use of a material that 1s different from the material of the pipe
or of the matrix, for example, in a materially bonded connec-
tion, 1s avoided. The corresponding connection can then also
be made rapidly and operationally reliably.

According to a further aspect of the mvention, an axial-
piston engine with a compressor stage comprising at least one
cylinder, with an expander stage comprising at least one cyl-
inder, with at least one combustion chamber between the
compressor stage and the expander stage 1s proposed,
wherein the axial-piston engine includes a gas exchange
valve that oscillates and releases a flow cross section, and the
gas exchange valve closes this cross section by means of a
spring force of the valve spring acting on the gas-exchange
exchange valve, and wherein the axial-piston engine 1s char-
acterized 1n that the gas exchange valve has an impact spring.
Gas exchange valves that are self-actuated, 1.e., not cam-
actuated, which open at an applied pressure difference, can be
accelerated so strongly, when the pressure difference present
causes a very large opening force, that either the valve spring
of the gas exchange valve becomes fully compressed or the
valve spring plate or else even a comparable bracing ring
strikes another component. Such an impermissible and
undesired contact between two components can very quickly
lead to destruction of these components. In order to prevent
slamming of the valve spring plate effectively, a further spring
designed as an impact spring 1s therefore advantageously
provided, which dissipates excess kinetic energy of the gas
exchange valve and brakes the gas exchange valve to a stand-
stall.

In particular, the impact spring can have a shorter spring
length than a spring length of the valve spring. Provided the
two springs, the valve spring and the impact spring, have a
common bearing face, the impact spring 1s advantageously
designed such that the spring length of the installed valve
spring 1s always shorter than the spring length of the impact
spring, so that the valve spring, upon opening of the gas
exchange valve, mitially applies exclusively the forces nec-
essary to close the gas exchange valve and, after the maxi-
mum provided valve stroke has been reached, the impact
spring comes 1nto contact with the gas exchange valve, 1n
order immediately to prevent further opening of the gas
exchange valve.
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Cumulatively to this, the spring length of the impact spring
can correspond to the spring length of the valve spring
decreased by a valve stroke of the gas exchange valve. Expe-
diently and advantageously 1n this case, the circumstance 1s
used that the difference of the spring lengths of the two
springs corresponds precisely to the amount of the valve
stroke.

In this case the term “valve stroke” denotes the stroke of the
gas exchange valve from which the flow cross section
released by the gas exchange valve reaches approximately a
maximum. A plate valve commonly used in engine construc-
tion usually has a linearly increasing geometric tlow cross
section at small degree of opening, which then merges into a
line with constant value upon further opening of the valve.
The maximum geometric opening cross section 1s usually
reached when the valve stroke reaches 25% of the internal
valve seat diameter. The mternal valve seat diameter 1s the
smallest diameter present at the valve seat.

The term “spring length”™ 1n this case denotes the maximum
possible length of the impact spring or of the valve spring in
the mstalled state. Thus the spring length of the impact spring
corresponds exactly to the spring length 1n the untensioned
state and the spring length of the valve spring exactly to the
length that the valve spring has in the installed state with the
gas exchange valve closed.

Alternatively or cumulatively to this, it 1s further proposed
that the spring length of the impact spring correspond to a
height of a valve guide increased by a spring travel of the
impact spring. This has the advantage that a valve guide, but
also any other fixed component that can come 1nto contact
with a moving component of the valve control system, abso-
lutely does not come into contact with a moving component
of the valve control system, since the impact spring, even
upon reaching the provided spring travel, 1s absolutely not
compressed so much that contact occurs.

The term “spring travel” in this case denotes the spring
length minus the length of the spring that exists at maximum
load. The maximum load 1n turn 1s defined via the computed
design of the valve drive, including a factor of safety. Thus the
spring travel 1s exactly the length by which the spring 1s
compressed when the maximum load occurring in operation
of the axial-piston engine or the maximum valve stroke pro-
vided 1n operation of the axial-piston engine occurs during
abnormal load. The maximum valve stroke in this context
denotes the valve stroke defined above plus a stroke of the gas
exchange valve at which contact between a moving compo-
nent and a fixed component just occurs.

Any other component that can come 1nto contact with
moving parts of the valve drive can take the place of a valve
guide.

Furthermore, upon reaching the spring travel of the impact
spring, the impact spring may have a potential energy that
corresponds to the maximum operationally caused kinetic
energy ol the gas exchange valve upon release of the flow
cross section. Precisely upon satistaction of this physical or
kinetic condition, braking of the gas exchange valve 1s
achieved precisely when contact between two components 1s
just not made. As explained above, the maximum operation-
ally caused kinetic energy 1s the kinetic energy of the gas
exchange valve that can occur for the computed design of the
valve drive, including a factor of safety. The maximum opera-
tionally caused kinetic energy 1s caused by the maximum
pressures or pressure differences present at the gas exchange
valve, whereby the gas exchange valve 1s accelerated on the
basis of its mass and aiter decay of this acceleration acquires
a maximum speed of motion. Excess Kinetic energy stored 1n
the gas exchange valve 1s absorbed via the impact spring, so




US 9,376,913 B2

25

that the impact spring becomes compressed and has potential
energy. Upon reaching the spring travel of the impact spring
or upon maximum provided compression ol the i1mpact
spring, dissipation of the kinetic energy of the gas exchange
valve or of the valve group to the amount of zero 1s advanta-
geous, so that contact between two components just does not
occur. The term “maximum operationally caused kinetic
energy’ therefore also encompasses the kinetic energies of all
components moved with the gas exchange valve, such as, for
example, the valve keys, valve spring plates or valve springs.

Additional advantages, objectives and properties of the
present invention will be explained on the basis of the follow-
ing description of the enclosed drawing, in which examples of
various axial-piston engines and theiwr assemblies are
depicted.

The figures show the following.

FIG. 1 a schematic sectional view of a first axial-piston
engine;

FIG. 2 a schematic top view of the axial-piston engine
according to FIG. 1;

FIG. 3 a schematic top view of a second axial-piston
engine, 1n a depiction similar to that in FIG. 2;

FIG. 4 a schematic sectional view of a third axial-piston
engine, 1n a depiction similar to that in FIG. 1;

FIG. 5 a schematic sectional view of a further axial-piston
engine with a precombustion temperature sensor and two
exhaust gas temperature sensors;

FIG. 6 a schematic sectional view of a further axial-piston
engine with a control chamber formed as a pressure space, a
cutaway view of the o1l circuit and an alternative configura-
tion of the control pistons;

FIG. 7 a schematic sectional view of a further axial-piston
engine with a control chamber formed as a pressure space, a
cutaway view of the o1l circuit and an alternative configura-
tion of the control pistons;

FI1G. 8 a schematic view of an o1l circuit for an axial-piston
engine with a pressure-oil circuit;

FIG. 9 a schematic view of a flange for a heat exchanger,
with a matrix situated 1n 1t for accommodation of pipes of a
heat exchanger;

FIG. 10 a schematic sectional view of a gas exchange valve
with a valve spring and an impact spring; and

FIG. 11 a further schematic sectional view of a gas
exchange valve with a valve spring and an impact spring.

The axial-piston engine 201 depicted in FIGS. 1 and 2 has
a continuously working combustion chamber 210, from
which working medium 1s supplied successively via shot
channels 215 (numbered as an example) to working cylinders
220 (numbered as an example).

A stream of working medium or a stream of combustion
agent 1nside one of the shot channels 215 from the combus-
tion chamber 210 to the respective working cylinder 220 in
this regard 1s controlled by means of a control piston (not
shown explicitly here), which 1s driven by a control drive (not
shown explicitly here).

Advantageously, the control piston, besides the force
applied by the control drive, 1s additionally subjected further
to a compensating force directed counter to a combustion
chamber pressure, so that the control drive can be designed
with particularly simple construction. On the basis of the
existing compressor cylinder pressure, the compensating
force can be generated pneumatically with particularly little
construction complexity.

In particular, sealing at the respective control piston can be
undertaken extremely simply when the control piston 1s situ-
ated 1n a pressure space, in which similar pressure conditions
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exist as 1 the combustion chamber 210. In this case, 1deally
adequate seal tightness 1s already assured by means of a pure
oil-scraping system.

In order to be able to reduce the moving masses advanta-
geously even with respect to the present control piston, the
control piston additionally has transverse struts and 1s made
from aluminum, at least with respect to 1ts piston stem. In the
region ol the piston bottom, however, the control piston con-
s1sts of an 1ron alloy on the combustion chamber side, in order
that 1t can better withstand even very high combustion agent
temperatures.

Alternatively, the control piston can also be made of a steel
alloy, so that 1t 1s even more improbable that strength and/or
stiffness problems as well as thermal difficulties can occur
than with respect to an aluminum alloy.

Situated 1n each of the working cylinders 220 are working
pistons 230 (numbered as an example), which are connected
on the one hand by way of a straight connecting rod 235 to an
output, which 1s realized 1n this exemplary embodiment as a
spacer 242 carrying a curved track 240, situated on an output
shaft 241, and are connected on the other hand to a compres-
sor piston 2350, each of which runs in the compressor cylinder
260 1n a manner explained 1n greater detail below.

The connecting rod 235 has transverse stiffeners (not
labeled here), so that 1t 1s on the whole of very slender or less
massive construction than connecting rods used heretofore in
axial-piston engines. By virtue of the transverse stiffeners, a
mass reduction undertaken on the connecting rod 235 can be
compensated, whereby the connecting rod 235 1s not
adversely influenced with regard to 1ts stifiness and strength.
Furthermore, the connecting rod 235 1s made from an alumi-
num alloy, whereby a further weight reduction 1s achieved. As
1s 1mmediately obvious, the connecting rod 235 can be
denoted as the drive connecting rod on the drive piston side
and as the compressor connecting rod on the compressor side,
wherein the working connecting rod and the compressor con-
necting rod are connected to one another 1n one piece.

However, not only the connecting rod 235 but also the
working piston 230 and the compressor piston 250 are
equipped with transverse stitleners, so that a further substan-
t1al weight reduction can be achieved with regard to moving
masses ol the axial-piston engine 201. In order to be able to
counter even higher thermal stresses better, the working pis-
tons 230 each have burning protection of an 1ron alloy on their
cylinder bottoms.

By means of the transversely stiffened connecting rods
235, of the transversely stiffened working pistons 230 and of
the transversely stiffened compressor pistons 250, a light-
welght construction not yet previously known for conven-
tional axial-piston engines i1s consequentially implemented in
the axial-piston engine 201. All transverse stiffeners are
formed 1n this case as reinforcing struts.

After the working medium has performed its work 1n work-
ing cylinder 220 and has placed a load on working piston 230
accordingly, the working medium 1s expelled from the work-
ing cylinder 220 through exhaust gas channels 225. Provided
on the exhaust gas channels 225 are temperature sensors, not
shown, which measure the temperature of the exhaust gas.

The exhaust gas channels 225 discharge 1n each instance
into heat exchangers 270, and subsequently leave the axial-
piston engine 201 at appropriate outlets 227 1n a known
manner. The outlets 227 for their part can be connected again
in particular to a ring channel, not shown, so that in the end the
exhaust gas leaves the engine 201 at only one or two places.
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